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The precipitation-runoff processes in small agricultural catchments have been a long-term studied question, especially in connection with the water basin siltation, water pollution and the degradation of the soil by erosion. At present, the agricultural practice in the Czech Republic especially emphasises agrotechnical and organisational measures to prevent harmful surface runoff, to reduce the flow of pollutants and the removal of the most valuable soil components (Podhrázská et al. 2018) .
However, in small agricultural catchments, especially in areas with sloping plots, the response to precipitation episodes is relatively rapid and often results in floods . These events result in environmental, social and economic damage to the affected area. The agricultural landscape is no longer able to contain more rainfall due to long-term management and destabilisation of the ecological balance (Olson et al. 2017) . In such cases, biotechnical or biological measures must be implemented, which can help to increase the retention of the water in the landscape, to regulate the outlet of the rainfall water through critical profiles and contribute to the overall stabilisation of the water regime (Dumbrovský et al. 2015) . Such elements include, in particular, water reservoirs with a retention function, including the accompanying vegetation and ground shaping. Small water reservoirs are built in the Czech Republic, in particular, by way of land consolidations. They are always integrated into a set of other measures aimed at reducing erosion and other degradation to farmland (Podhrázská https://doi.org/10.17221/23/2019 -SWR et al. 2015 . Land consolidation measures not only aim at enabling the rational management of the land users, but also in increasing the ecological stability of the landscape, thus better resisting the extremes in a climate's development (Chahine 1992) . Janků et al. (2014) also pointed out that land and environment protection is important for the public and for further sustainable development.
The function of a water reservoir, aimed as a flood control, should especially be to transform the flood wave so that it safely flows through the area below the reservoir, with which other authors agree, for example Jaroš et al. (2016) . Flooding only occurs more than once a year at the same location very rarely and there are locations where floods have not occurred for many years again. This means that for most of the time, such a water reservoir serves different functions, for example, it is a landscape feature and it balances out the fluctuating flow rates. The ongoing evaporation from the free water surface and the surrounding vegetation also significantly affects the discharge balance of the surface water from the basin. found the same fact, with a large influence, especially in dry periods. An increase in the drought frequency, its duration and severity is expected for the Central European region as a direct consequence of climate change (Trnka et al. 2016) 
MATERIAL AND METHODS
In response to the extreme rainfall and subsequent floods in the village of Sloup (Blansko district) and the surrounding area on May 13 and May 26, 2003, a study aimed at the flood control including a water reservoir construction close to the village of Němčice was devised. In 2005, experimental profiles were placed at a small watercourse in the location of the planned water reservoir, where the flow rate, precipitation, air temperature and suspended sediments were measured. The proposed water reservoir was built in 2011, located between these profiles ( Figure 1 )and the data is, therefore, available both before and after the existence of this new landscape feature (Table 1) . There are many indicators and indices for calculating the nature of water flow patterns. However, some of them are not suitable for small river basins and some provide similar information. This may cause some subsequent analyses to be affected by the collinearity and are, therefore, nearly unnecessary. The use of the indices should be chosen according to the purpose of the processing. (Olden & Poff 2003) .
The watercourse of interest is a dynamic one, with a quick response to precipitation, in particular to torrential rains, however during the vegetation period, significant evaporation causes droughts during the summer time. The sewage system (including rainfall) Stream from a small village and the ditches near the roads flow into the watercourse which causes a quick response to torrential rains. The overall surface area that was affected by the water reservoir construction (WRC) is approximately 6 ha (a small water reservoir and a littoral region of about 0.6 ha, a borrow area of about 2.1 ha and grassy vegetation near the water reservoir of about 3.3 ha).
The fundamentals for this analysis are a database of the daily rainfall and hourly and daily flow rates and discharge volumes from the two profiles lying 250 m apart at a small watercourse with a basin area of 350 ha (lower N1 profile) and 282 ha (upper N2 profile).
The continual flow rate and air temperature measurements have been recorded since April 2005. Gaps in the data are caused by instrumentation malfunctions (almost always in winter), theft of the measuring equipment and due to the construction of the water reservoir. The entire analysis only uses complete and suitable data. The database of precipitation has been reviewed and supplemented with a complete set of homogenised data from the Czech Hydrometeorological Institute (Štěpánek 2008; Štěpánek et al. 2009 ).
The initial data comparison was made using a comparison of the basic dataset characteristics from both profiles -the average flow rate and the discharge volume. Then, the sums of the precipitation and the effective temperatures were calculated. The characteristics and indices were calculated for the hydrological years (r) and the seasons -the vegetation period (v), spring (MAM), summer (JJA), autumn (SON) and winter (DJF). The hydrological year begins on Nov 1 and ends on Oct 31 of the following year, the vegetation period lasts from Apr 1 to Sep 30.
The short-term flashiness is well expressed by the Richards-Baker flashiness index (RB FI) (Baker et al. 2004) , which is dimensionless. Its values range from 0 to 2, where 0 means a constant flow rate. For the calculation, one can use the average daily flow rate (Q d ) or the daily discharge volume (W d ) (marked as q in the original equation below). The index can be calculated for seasonal as well as annual time periods.
(1)
The hydrogram pulse analysis (Archer & Newson 2002) can be used for the comparison of several basins or several profiles on one river. This method is based on the frequency and duration of the pulses above selected threshold flows. A pulse is defined as an occurrence of a rise above a selected flow and the pulse duration is the time from when it rises above the threshold to the time it falls below the same threshold ( Figure 2) .
The thresholds are set as multiples of the median flow (M) as 0.5M, M, 2M, 3M, 4M, 5M, 6M, 7M, 8M, 10M, 15M, 20M, 30M, 40M, 50M, 60M, 80M and 100M. The median flow has been taken over the whole period. The data (flow in hourly steps) were analysed as a subset of all the data, separately for each hydrological year and vegetation period. For each period, the total number of pulses and the total duration above the threshold was counted and the average duration per pulse was computed. In order to perform the hydrogram pulse analysis, the periods of the same length has to be selected before and after the reservoir construction with the complete hourly flow data, which, moreover, is not burdened by the occurrence of extreme runoff situations. The reason for this is for the comparability of the result for both profiles and the whole period 2006 , 2007 , 2008 , 2010 2005 , 2006 , 2007 , 2008 , 2009 , 2010 , 2013 , 2016 N2 Profile 2006 , 2007 , 2008 , 2010 , 2011 , 2012 , 2013 , 2016 2005 , 2006 , 2007 , 2008 , 2009 , 2010 , 2011 , 2012 , 2013 , 2016 Time and 2005, 2007, 2008, 2009, 2013, 2014, 2016 and 2017 were used for the vegetation period. At the end of the analysis, there is an overview of the relative changes in the N1 profile after the water reservoir construction. All computations were performed in the software R (R Core Team 2018), for the homogenisation of the precipitation, the software ProclimDB (Štěpánek 2008 ) was used.
RESULTS
The following hydrometeorological characteristics were calculated from the complete measurement database in the vegetation period (Table 2 ).
In the summarised characteristics (Figure 3 ), the course of the average flow rate at the N2 profile more or less correlates with the rainfall (R = 0.756 for the hydrological year and R = 0.651 for the vegetation period). The last dry years are characterised by high temperatures and low precipitation, which PREC -the precipitation total; avg T -the average temperature; sum T10ef -the sum of the effective temperatures above 10°C; N1 -the lower profile; N2 -the upper profile; NR -the subcatchment between the profiles; Q -the average flow rate; W -the discharge volume; the suffix "v" means the vegetation period is subsequently reflected in the decreased outflow from the basin to the water reservoir and also in the higher losses via evaporation from the water surface of the water reservoir. The most significant aspect is the decrease in the discharge volume from the basin between the profiles (NR Wv) in comparison with the discharge on the N2 profile (N2 Wv). Before the water reservoir, the discharge volume of the NR was about 30% of the N2 discharge volume. In 2013 and 2014, it was about 20% and, in 2016 and 2017, it was only 5 and 10%, respectively. The difference in 2016 and 2017 compared to 2013 and 2014 could be due to higher temperatures and evapotranspiration and lower precipitation.
The effect of the water reservoir construction can be seen in the actual hydrograms of hourly flow rate also (Q h ) (Figures 4 and 5) , however, it is not so apparent in the case of the daily averages. During the periods of low flow rates (approximately up to 100 l/s at the upper N2 profile), the water reservoir's effect is the lower culmination and smoothening of the flow wave. Similar results were published by Zhang et al. (2016) . The wave smoothening was not observed at higher flow rates above 100 l/s ( Figure 5 ), yet one could still see a decrease and a slight delay in the culmination. After the water reservoir construction, a flow rate of more than 1500 l/s was not observed, so the functionality of the water reservoir during Date the flood period (flow rates in the range of a few to several tens of m 3 /s) could not be tested.
The Richards-Baker flashiness index (RB FI) characterises the commonly low flashiness of flow rate during winter and spring time (< 0.5), and the high flashiness during the summer (> 0.5) ( Figure 6) .
The flashiness during the summer and autumn most likely stems from frequent rains of various intensities and durations, which affect the flashiness of the flow rate on both profiles. In contrast, during the winter and spring months, the flow rate variability is decreased by the lower temperatures (frost, snow) and the gradual melting of the snow cover, which causes high flow rates in spring, however, relatively constant.
The last few years show a big difference between the profiles in the summer, autumn and winter (Figure 7) .
In order to perform the hydrogram pulse analysis, the value of the median for the entire period of measurement has to be computed. The N1 and N2 values were computed for the hydrological year (4 years), N1 Q MEDr = 4.3 l/s, N2 Q MEDr = 3.5 l/s, and for the vegetation period (8 years), N1 Q MEDv = 2.0 l/s, N2 Q MEDv = 1.9 l/s. The effect of the water reservoir construction (WRC) is the flow rate stabilisation below the reservoir due to the balancing out of the flow rate flashiness above the reservoir. This can be seen in the results of the hydrogram pulse analysis also for hydrological years as well as for the vegetation periods, where one can see the changes in the position of the red solid line (the N1 profile after the water reservoir construction) in comparison with the other three lines on Figures 8-13 . The M40 threshold was only exceeded 9 times in the selected hydrological years and 34 times in the selected vegetation periods (approximately about 2 and 4 occurrences per year, respectively) so the comments will be focused mostly on lower categories.
From the point of view of the number of pulses above the thresholds, in the hydrological years, a number of pulses on the N1 profile in the low flows is reduced by 37 to 48% in the categories up to 4M and by about 27.5% in the categories up to 10M. In the categories above 15M, the pulse counts have not changed, more or less. In the vegetation period, the 0.5M and 50M categories have shown a small decrease in the number of pulses only, in other categories from 2M to 40M, a decrease of 35 to 56% In the hydrological years and the vegetation periods, there is a little decrease in the total time of the duration of the pulses above the thresholds in almost all of the categories. But this fact is only relative because there is a large decrease in the number of pulses (Figures 10 and 11) , so, the average duration of the pulses mostly increases (Figures 12 and 13) .
In the hydrological years, the average duration of one pulse in the categories 0.5M to 10M is higher by an average of about 27% (+15 to +45%). In the 15M category, it is virtually indistinguishable (+2%) and in the categories from 20M to 40M, it is lower by an average of about 79% (-33 to -70%). In the vegetation period, the average duration of one pulse is higher by 50 to 348%, except for the 30M and 50M categories where the increase is only 4 and 23%, respectively. The highest increase in the average duration is in the categories M2 and from M4 to M20 by an average of about 180% and the lowest increase is in categories 0.5M, 1M, 3M and from M30 to M60 by an average of about 49%.
After the water reservoir construction, the change in the N1 profile is seen more or less in all the character- 
DISCUSSION
Construction of the water reservoir also included construction of a borrow area (2.1 ha) between the two profiles and creating a relatively large grassy area (approximately 3.3 ha). The borrow area has a flat bottom and is covered with a hygrophilous vegetation. Given its location in a thalweg between the two basins and given its nature it could affect the water regime and overall balance to a similar extent or even more than the actual water reservoir. Bullock and Acreman (2003) and van der Ent et al. (2014) have similar experiences. Its main effect could be the capture of the water from the melting snow between the basins, the retardation of the discharge from the precipitation including torrential rains (the gradual release into the stream) and the support of the evaporation and infiltration of the water created in the basin between the two profiles. have similar experiences with evapotranspiration.
The Richards-Baker flashiness index is a relatively new characteristic, which shows the differences in the short-term watercourse flashiness, regardless of the overall size of the flow rate. It is, therefore, quite useful when comparing watercourses of different sizes. This was shown by Baker et al. (2004) in a study of watercourses in the Midwest U.S., where they compared 515 profiles at watercourses with a basin size ranging from 8.5 to 29 000 km 2 . Another advantage is that it is applicable for different time periods, not just the hydrological years, but shorter intervals also. A possible disadvantage is that the result of the analysis is a number with a relatively small variance (0.1 to 0.9, in the case of this paper), which may negatively affect its usability in regression models. In this case, it could be better to use the hydrogram pulse analysis, which provides values with larger variance -hundreds (or even thousands). The hydrogram pulse analysis provides a whole set of data for the selected threshold values and three data sets (number of pulses, pulse duration and average pulse duration) and one must decide which of these will be used for the subsequent analysis. The advantage of such an approach is that one can really focus on the section of the discharge, which is of interest regarding the subsequent uses. When analysing the changes in the water regime of a watercourse, it is advantageous to combine more methods (Olden & Poff 2003; Wrzezinski & Sobkowiak 2018) .
CONCLUSION
The presented analysis suggests that the construction of a water reservoir has a significant effect on the water regime of the watercourse. The overall effect is the smoothening or even the complete elimination of the insignificant peaks in the flow rate and the enhancement of the significant and stable waves. Extending the flow area from the riverbed to a wider area of inundation leads to a slow-down in the flow rate and a larger area for the evaporation, thus it has higher water losses and impacts the small hydrological water cycle in the area. The water reservoir causes a significant decrease in the culmination, smoothening of the flow wave (in lower flow rates), a delay in the culmination and a decrease in the discharge volume and the specific flow rate at the profile below the water reservoir. With regards to the hydrogram flashiness index, the decrease is seen in summer. With regards to the hydrogram pulse analysis, there is a reduction in the number and an increase in the relative duration of the hydrogram pulse in the profile below the reservoir. The performed analysis shows a significant influence of the construction of small water reservoirs in agricultural river basins to improve the water regime of the territory by reducing the flow velocity through its own object of a small water reservoir and by supplementing the surrounding area with other landscaping elements. Changes in the nature of the area are also influenced by the river basin management. The accompanying elements (higher percentage of grassing, access roads and plantation of woody species) also regulate the methods of farming the arable land (Konečná et al. 2017) .
